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ABSTRACT

TiO2 2 nanocomposite was obtained by the sonochemical technique. In this method, two separate gels containing 

4

2 2 gel. The precipitate was calcinated in the furnace. 
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Among the various semiconductors employed, titani-
um dioxide (TiO2) is known to be good photocatalyst 
for the degradation of environmental contaminants due 
to its high photocatalytic activity, absence of toxicity, 
relatively low cost, availability and excellent chemi-

-
luminated with an appropriate light source, the TiO2

photocatalyst generates electron/hole pairs to initiate 
a series of chemical reactions that eventually mineral-
ize the pollutants [7]. Since photocatalytic process is 

based on the generation of electron/hole pairs by means 
of band gap radiation, the coupling of different semi-
conductor oxides seems useful to achieve a more ef-

and, consequently, a higher photocatalytic activity [8, 
9]. Some success in enhancing the photocatalytic ac-
tivity has been conducted by several methods such as 
using nanosized semiconductor crystallites instead of 
bulk materials [10], modifying photocatalysts by dop-
ing with ions [11-14], or coupling TiO2 to other oxides 
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[15-18]. There are numerous nano ZrO2 preparation 
methods, for example, chemical vapor synthesis [19], 

-
sion [22], forced hydrolysis [23], hydrothermal pre-
cipitation [24], microwave-hydrothermal [25], solvo-
thermal processing [26], sonication [27] and sol-gel 
precipitation [28].

The composition of nanocatalysts is one of the ways 
to enhance photocatalytic activity by improving the 
band gap of the composite powder. Very nanocompos-
ite have synthesized by various methods The sol-gel 

-
cant advantages compared to other methods such as 
high purity, good uniformity of the powder, synthesis 
at low temperature and easily controlled reaction con-
ditions [29, 30].

The aim in this research is to synthesize the nano 
ZrO2/TiO2 composite by using the probe of ultrasonic, 

irradiation in mixture reaction.

2. EXPERIMENTAL

2.1. Preparation of Titanium gel
1.6 mL of Titanium tetraisopropoxide was diluted 
with 16 mL of isopropanol and 150 mL of deionized 
(DI) water. The PH of the solution was adjusted 1.5 by 
using nitric acid. 25 mL of H2O2 solution was added to 

and washed several times. 

2.2. Preparation of Zirconium gel
Firstly ZrCl4 (4.7 g, 0.2 mol) was dissolved in 2-pro-
panol (100 mL) to get a precursor solution A solution 
of H2O2 (6 mL, 30% v/v) was then dropped into the 
precursor solution under stirring. The pH of mixture 
was adjusted 9 by adding ammonium solution 2 M, 
then Zirconium gel was prepared andthe produced gel 
was stirred for 2 days, and the probe of ultrasonic was 
introduced in Zirconium gel and it was irradiated for 
30 min.

2.3. Preparation of TiO2/ZrO2 nanocomposite
The Titanium precipitant was added into Zirconium 
gel and they were mixed together, themixture was ir-

radiated by the probe of ultrasonic instrument for 2 
-

trated and washed several times. After drying at room 
temperature, the white precipitated was calcinated at 
500ºC for 3 h in furnace.

3. RESULTS AND DISCUSSION

A FT-IR spectrum of the TiO2/ZrO2 nanocomposite 
is shown in Figure 1 in the wave number range from 
4000 to 400 cm-1. The peaks at 507, 583 and 756 cm-1

can be assigned to symmetric stretching vibration of 
the Ti–O, Zr-O and Zr–O–Ti respectively. The peak 
at 1082 cm-1 should be due to the Ti–OH bond. The 
peak at 1628 cm-1 resulted from the H2O molecules 
bending vibration, which were not removed complete-
lyafter sol–gel synthesis. The wide peak at 3421 cm-1

has been assigned to the OH symmetry and asymme-
try stretching vibration of surface hydroxyl group. 

3.2. XRD Diffraction 
The XRD pattern of the TiO2/ZrO2 nanocomposite is 
shown in Figure 2. The distinct peaks corresponding to 
TiO2 and ZrO2 are observed. It is concluded that both 

Figure 1: FT-IR spectra of TiO2/ZrO2 nanocomposite.
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the materials exist in perfect crystalline phases and 

form a TiO2/ZrO2 nanocomposite (according to card 
no. 37-1484 for ZrO2 and card no. 21-1272, for TiO2

Joint Committee on Powder Diffraction Standards 
(JCPDS)). The TiO2/ZrO2 nanoparticles are seen 
pure. The crystallite size of TiO2/ZrO2 nanocomposite 
wasestimated to be around 32 nm, by using the Deby-

Scherrer equation.

where: Dv is the “volume weighted” crystallite size = 
¾ d (crystallite diameter) K is the “Scherer constant” 

l , CuK

Gaussian shaped peak.

3.3. FESEM image 
Surface morphology of the synthesized nanocompos-
ite has been studied and their FESEM images have 
been shown in Figure 3 TiO2/ZrO2 nanocomposites 
have been seen uniform. The average size of nano-
composite according to FESEM images are in the 
range of 35-45 nm.

Figure 2: XRD pattern of TiO2/ZrO2 nanocomposite.

Figure 3: FESEM images of TiO2/ZrO2 nanocomposite.
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4. CONCLUSIONS

Binary oxide TiO2/ZrO2 nanocomposite was prepared 

2 and 
TiO2 by sol–gel method by using ultrasonic irradia-
tion. The purity of synthesized TiO2/ZrO2 nanocom-
posite was investigated from FT-IR spectrum. Size, 
morphology and crystalline phase of nanocomposite 
were determined by FESEM and XRD analysis. The 
average diameter of nanoparticles is around 32 nm. 
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